(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
10 October 2002 (10.10.2002) 




PCT 



(10) International Publication Number 

WO 02/080586 A2 



(51) International Patent Classification 7 : 



H04Q 7/00 



(21) International Application Number: PCT/SE02/00637 

(22) ' International Filing Date: 28 March 2002 (28.03.2002) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

60/280,305 
10/096,692 



30 March 2001 (30.03.2001) US 
1 2 March 2002 ( 1 2.03 .2002) US 



(71) Applicant: TELEFONAKTIEBOLAGET L M ERICS- 
SON (PUBL) [SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventors: EDLUND, Peter; Kassmyravagen 18, S-147 
33 Tumba (SE). SUGIRTHARAJ, David; 21 Merrion 
WoodsSt. Helen's, Blackrock County, Dublin (IE). 
MILDH, Gunnar; Kevingeringen 45, S-182 50 Danderyd 
(SE). 

(74) Agent: MAGNUSSON, Monica; Ericsson AB, Patent 
Unit Radio Access, S-164 80 Stockholm (SE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

— entirely in electronic form (except for this front page) and 
available upon request from the International Bureau 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



^ — ■ — ■ — — . 

00 (54) Title: NETWORK7CELL/INTERFACE SELECTION IN MIXED NETWORKS 

(57) Abstract: A method is disclosed for selecting mode of operation for a mobile station in a mixed telecommunication system 
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^ comprising first and second core networks, wherein the mobile station is adapted for selective operation in either of first and sec- 
^ ond modes associated with the first and second core networks, respectively. When the mobile station enters a combined cell it is 
0 furnished with specified information for use in selecting mode of operation, the specified information usefully being combined with 
information relating to history of the mobile station prior to entering the combined cell. The specified information may be param- 
eters introduced in the cell broadcast system information, parameters which are introduced in the mobile station SIM information 
^ or may be explicit signaling messages specifically directed to the mobile station. Specific information also may be a combination of 
parameters from each of these sources. 
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NETWORK/CELL/INTERFACE SELECTION IN MIXED NETWORKS 

Cross-reference to related application. 

5 This Application for Patent claims the benefit of priority from, and hereby 

incorporates by reference the entire disclosure of, co-pending U.S. Provisional 
Application for Patent No. 60/280,305, filed March 30, 200 1 . 

BACKGROUND OF THE INVENTION 

10 The invention disclosed and claimed herein generally pertains to a mixed 

system for mobile telecommunications, wherein a mobile station (MS) can operate 
and be connected with any one of two or more core networks included in the 
system. More particularly, the invention pertains to a method or procedure for 
determining which of the core networks a mobile station should camp on, that is, 

15 which mode the mobile station should select to operate in. 

In certain mobile telecommunications networks, operators are starting to 
deploy 3G networks, in order to deliver new and innovative services to end-users. 
A 3G network could either be supplanted in existing 2G cells such as GSM/EDGE 
Radio Access Network (GERAN) or be deployed separately such as for UMTS 

20 Terrestrial Radio Network (UTRAN). The 2G networks will remain in place for 

legacy terminals so that both 2G and 3G will co-exist for many years to come. One 
aspect of this coexistence is seamlessness. The end-user while using multi-mode 
phones expects to be able to roam and stay connected while moving between these 
two networks. 

25 Current 2G and 3G mobile networks are each separated into a radio access 

network (RAN) and a core network (CN). The RAN deals with radio resource 
handling while the CN provides other services such as mobility management, IP 
address allocation and call control facilities to the user equipment (UE). Core 
network services are provided in both the packet-switched and circuit-switched 

30 domains. 

The control of which cell a mobile station (MS) should communicate with is 
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controlled by the RAN and the MS. The RAN controls the cell selection in 
connected mode on dedicated channels and by admission control, while the MS 
controls the cell selection in idle mode and on shared channels in connected modes. 
As is known, an MS is in idle mode when it is roaming and switched on, in a 
non-active mode. The MS behavior in the MS controlled cases is standardized, and 
the algorithms and criteria for the Public Land Mobile Network (PLMN) and for 
cell selections are in accordance with the GSM and UTRAN standards. 

However, with the introduction of cells such as GERAN that support both 
the 2G and 3G core networks, as well as mixed networks supporting different radio 
access technologies (RAT), an enhanced cell selection needs to be made available. 
The problem is that with the introduction of cells such as GERAN, a single GSM 
cell will now support both the 3G (Iu) and 2G (A/Gb) core network access. At the 
same time, there is currently no efficient way for the operator in a mixed system to 
control which of these core networks the MS should camp on, that is, which mode 
the MS should operate in. Potentially, this may cause the MS to bounce between 
two CN access nodes when moving between cells supporting 2G only and cells 
supporting both 2G and 3G core networks. This would lead to extensive location 
updating signaling in the mixed network. The RAN would have to transparently 
transport these messages, and the core network would actually have to process 
them. The information regarding the UE in the core network (PDP context) would 
actually bounce between the 2G and 3G Serving GPRS nodes. This is generally 
unacceptable behavior. Presently, no solutions for interface selection have been 
presented in any standard. 

Herein, the terms "mixed system" and "mixed network" are used to refer to a 
telecommunications system having two or more core networks such as 2G and 3G. 

SUMMARY OF THE INVENTION 

The invention is generally directed to a method for providing parameters or 
information to a mobile station entering a combined or mixed network cell, that is, a 
cell in which the mobile station can select different modes of operation, each 
corresponding to one of a plurality of different core networks. The parameters 
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indicate which mode of operation the MS should select and which core network 
node it should interface with. The parameters can, for example, be furnished to the 
MS by broadcasting system information (SI) or packet system information (PSI) in 
the cell; by introducing the parameters in the subscriber identification module (SIM) 
of the MS, or by sending explicit signaling messages to the MS. A hybrid approach 
could also be used, wherein some or all of the above techniques are combined, such 
as to control the MS interface selection on both a per call basis and a per 
subscription basis and with explicit signaling. In addition, MS mode selection could 
be made to depend on the history of the MS such as current mobility management 
(MM), radio resource/radio resource control (RR/RRC) state, RAT or other 
information that is kept in the MS such as the number of cell changes per unit time. 
It is anticipated that other approaches for providing mode selection parameters to 
the MS, which are well within the scope of the invention, will occur to those of skill 
in the art. 

In one embodiment, directed to a mixed system comprising first and second 
core networks, wherein a mobile station is adapted for operation in first and second 
modes associated with the first and second networks, respectively, a method is 
provided for selecting a mode of operation for the mobile station when it enters a 
combined cell. The method comprises the steps of furnishing the mobile station 
with parameter information pertaining to mode of operation, and combining the 
parameter information with information pertaining to prior history of the mobile 
station, in order to select the mode of operation for the particular mobile station 
when it enters the combined cell. 

In another embodiment, pertaining in particular to 2G and 3G core 
networks, added functions are introduced when performing the interface selection 
algorithms in 2G/3G cells and hence 2G and 3G core networks. This would be 
network level hysterisis control, in addition to the cell level hysterisis control which 
is currently being performed. No changes to existing cell selection and reselection 
algorithms or criteria are necessary. This solution deals with a CN selection once a 
cell is chosen, for cells that support multiple core networks. This approach is novel 
in the sense that it introduces a service based CN selection without affecting the 
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radio environment, e.g., to offer 3G services to end users based on user identity, 
mobile capability and location in mixed networks, which is generally not possible 
with prior systems. 

It is anticipated that embodiments of the invention will substantially reduce 
signaling load in both RAN and CN, provide improved network control as to where 
the mobile camps and registers, and improve UE behavior at 2G/3G network 
borders. Embodiments may also provide shorter user data paths from service 
gateways and perform load sharing between 2G CN and 3G network nodes. As a 
further benefit, different paging strategies may be applied, according to whether the 
mobile station is in Iu mode of operation or in A/Gb mode of operation. It will be 
readily understood that Iu and A/Gb modes of operation pertain to operation in 
connection with 3G and 2G core networks, respectively: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic diagram showing a mixed network or system 
adapted for use with embodiments of the invention. 

FIGURE 2 is a chart showing Iu mode of operation control information. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to FIGURE 1, there is shown a combined or mixed 
telecommunications network 10 comprising a gateway (GW) 12, a home location 
register (ULR) 14, a base station controller (BSC) 16 and a base transceiver station 
(BTS) IS. FIGURE 1 further shows GW 12 connected to an external network such 
as service gateway and coupled to BSC 16 through two different core networks, 2G 
core network 20 and 3G core network 22, associated with GERAN and UTRAN, 
respectively. Thus, BSC 16 serves a 2G location area (LA) 24 and a 3G LA 26, 
which share an overlapping or common area 28 containing a combined 2/3 G cell 30. 
The MSC and SGSN blocks shown in FIGURE 1 represent Mobile Switching 
Centers and Serving GPRS Support Nodes, respectively. 

Referring further to FIGURE 1, there is shown a mobile station 32 in 
combined cell 30 which can operate in both 2G and 3G modes. Accordingly, a user 
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data path can be set up to mobile station 32 from gateway 12 through BTS 18 and 
BSC 16, either by means of 2G core network 20 and its interface A/Gb, or 3G core 
network 22 and its interface Iu. The user data path is set up based on registration 
information held in HLR 14. The registration information is updated at location 
updating or at routing area update, and contains additional information on mode of 
operation. The mobile station 32 will be paged either through the Iu interface or the 
A/Gb interface. Based on network configuration, the operator may decide that the 
mobile station 32 shall register in 3G network 22. 

In one embodiment of the invention, the network broadcasts a value in the 
SI and/or PSI telling the mobile station 32 which core network it should camp on, 
depending on the mobile station history. For example, one bit in the SI/PSI could 
tell the mobile station 32 to select the 2G (or 3G) core network if the mobile station 
has no previous active registration in either core network when it is turned on. 
Another bit could tell the mobile station to stay in the core network it currently is in, 
or to move to the 3G CN in any event. This will give the operator control of the 
interface selection for all the mobile stations in the combined cell, and smart 
algorithms can be developed to reduce the bouncing and the signaling. In this 
embodiment the broadcasted value will be received by all mobile stations in the cell, 
but can be interpreted differently depending on which state a mobile station was in 
before the cell selection. 

If a broadcasted selection value is not present in the SI and/or PSI, the 
mobile station will resort to a default solution that can be specified in a network 
standard. For example, the mobile station could be directed to always chose the 3G 
core network when no information is broadcast in the combined cell telling the 
mobile station to do otherwise. 

In another embodiment, mode of operation for the mobile station 32 is 
network controlled by broadcasting cell specific information on channels BCCH, 
PACCH or PBCCH, the cell specific information indicating the rules for mode of 
operation to be applied for the combined cell 30. The mobile station may decode 
this information from a specific system information message or a parameter in the 
existing PSI/SI message. After the cell is selected and the mobile station has 
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decoded the cell specific information, the mobile station makes a decision on mode 
of operation, i.e., Iu mode or A/Gb mode of operation. The network may, for 
example, unconditionally order all Iu capable mobile stations in the cell to select Iu 
mode of operation, or may unconditionally order all mobile stations in packet 
5 transfer mode to select A/Gb mode of operation. The network may also 
unconditionally order mobile stations to select Iu mode of operation on a 
subscription basis. 

Two basic solutions are anticipated in connection with System Information 
messages that is, use of either an existing System Information message on BCCH, 
10 PBCCH and PACCH or else a new System Information message. Information 

related to selection of mode operation (interface) is distributed in the cell. Examples 

of different messages and information elements are set forth as follows: 

BCCH 

Existing SI message - System Information type 2 bis. The rest octect 
1 5 contains the information distributed to mobile stations in the cell capable of Iu 
support 

< SI bis rest octets > :: = 

{LUKGERAN cell Info(3 bits)>}; 
<implicit spare>; 

PBCCH 

Existing PSI message - Packet System Information type 1 . The Information 
Element GPRS Cell Options contains the information related to Interface Capability. 
This information is optional distributed in cells capable of Iu and A/Gb. 
<GPRS Cell Option>::=<LM<GERAN Cell Info(3b)> 
PACCH 

Existing PSI messages - Packet System Information type 13 and Packet 
System Information Type 1. IE GPRS Cell Options containing information to 
control mode of operation for mobile in packet transfer mode. 



GERAN Cell Tnfn 
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This Information Element is sent on PACCH, PBCCH and BCCH to control 
the selection of mode of operation related to Interface selection. Figure 2 shows 
this information element comprising a 3-bit code. 

5 New System Information messages 

Three new System Information messages are introduced to distribute the 
mode selection control information to mobiles entering a Iu capable cell. 
GERAN specific System Information Message - BCCH 
GERAN specific Packet System Information message - PBCCH 
1 0 GERAN Interface Control Message - PACCH 

In a further embodiment of the invention, the mobile station 32 receives 
explicit signaling messages from the RAN or CN, either at attach or dynamically in 
connected mode, that tell the mobile station 32 which interface should be chosen 
when the mobile station performs cell selection. For example, already existing 
15 methods for network controlled cell change and network assisted cell change can be 
used to deliver information to the mobile station. The interface selection can then 
be made MS specific and does not affect the other mobile stations in the cell. 

When a mobile station enters a location area (LA) or routing area (RA), it 
performs standard updating with respect to the network. In its answer back to the 
20 mobile station in connection with the updating procedure, the network may 

download interface control information to the mobile station, which will be valid for 
the whole LA or RA. Thus, the network provides information to the mobile station 
for selecting mode of operation in the form of an explicit signal. 

The existing routing area accept and location update accept may be used to 
25 download specific GERAN interface control information. The same control 

mechanism used for the broadcast case may be applied on a user dedicated basis. 
The control information is valid per LA or routing area. 

In a further embodiment of the invention, predefined rules for mode 
selection, such as a preference for one of the interfaces (Iu or A/Gb), are set in the 
30 mobile station SIM card. In this way, individual rules can be set for different 

subscribers. For example, a subscriber that will use IP multimedia services will 
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always select the 3G core network although it might result in more signaling for the 
system. The SIM control mode of operation is typically enabled by an SIM. enabling 
flag sent in broadcast information or in a mobility management (MM) specific 
procedure. 

5 A further embodiment of the invention pertains to state controlled selection 

of mode of operation. For state controlled mode of operation, the mobile station 
uses its current mode of operation to decide mode of operation upon entering a new 
combination cell. Typically, in packet transfer mode the mobile station will not 
change its mode of operation. This may also be applicable for idle mode. For 

10 packet transfer mode, the state controlled mode of operation may be enhanced by 
allowing change of mode depending on Quality of Service. 

The above principles for cell selection also apply for handover between Iu 
and A/Gb capable cells. The locating functioning in BSC 16 controls the mobile 
station mode of operation such that it makes it decision on preferred mode of 

1 5 operation in addition to radio performance characteristics. 

Combinations of the above embodiments may be utilized to significantly 
enhance flexibility. The network operator may store specific information on the 
SIM, to provide different contexts of the broadcast information on how the mode of 
operation selection shall be carried out. One typical example is that SIM specific 

20 information encoded M 6H" implies that broadcast information "lOB" shall be 

understood by the mobile station to require selection only of Iu mode if the Iu mode 
was initially set up. 

Change of mode of operation may typically occur at cell change, change of 
location area, change of routing area and at change of service area. A service area 

25 may consist of cells from more than one location area/routing area. The change of 
mode is accomplished based on network information, SIM specific information and 
current mode of operation. The mode change may be based on one of these criteria 
or combinations thereof. 

Obviously, other modifications and variations of the present invention are 

30 possible in light of the above teachings. It is therefore to be understood that within 
the scope of the disclosed concept, the invention may be practiced otherwise than as 
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WHAT IS CLAIMED: 

1. In a mixed telecommunication system comprising first and second 

5 core networks, a method for directing operation of a mobile station when the mobile 
station enters a combined cell of the telecommunication system, said method 
comprising the steps of: 

furnishing said mobile station with specified information when said mobile 
station enters said combined cell; and 
10 selecting either a first or a second mode of operation for said mobile station 

in response to said specified information, said first and second modes of operation 
corresponding to said first and second core networks, respectively. 

2. The method of Claim 1 wherein: 

1 5 said specified information is combined with information relating to the prior 

history of said mobile station in said step of selecting said mobile station mode of 
operation. 

3 . The method of Claim 2 wherein: 

20 said specified information comprises parameters introduced into broadcast 

system information for said combined cell. 

4. The method of Claim 3 wherein: 

said parameters provide a set of rules for selecting the mode of operation for 
25 said mobile station in said combined cell. 

5. The method of Claim 2 wherein: 

said specified information comprises parameters introduced into the SIM 
information of said mobile station. 

30 

6. The method of Claim 2 wherein: 
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said specified information comprises an explicit signaling message directed 
to said mobile station when said mobile station enters said combined cell. 

7. The method of Claim 2 wherein: 
5 said specified information comprises parameters provided by any 

combination of information sources selected from a group of sources, said group 
including a broadcast of system information, the SIM of said mobile station, and an 
explicit signaling message directed to said mobile station. 

10 8. The method of Claim 1 wherein: 

said history related information comprises information selected from a group 
including the current MM state, KR/RRC state and RAT of said mobile station 
when said mobile station enters said combined cell. 

15 9. The method of Claim 1 wherein: 

said history related information comprises the number of cell changes in a 
specified unit of time which are made by said mobile station prior to entering said 
combined cell. 

20 10. The method of Claim 1 wherein: 

said specified information comprises parameters introduced into broadcast 
system information for said combined cell. 

1 1 . The method of Claim 1 wherein: 

25 said specified information comprises parameters introduced into the SIM 

information of said mobile station. 

12. The method of Claim 1 wherein: 

said specified information comprises an explicit signaling message directed 
30 to said mobile station when said mobile station enters said combined cell. 
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13. The method of Claim 1 wherein: 

said specified information comprises the current mode of operation of said 
mobile station when said mobile station enters said combined cell. 

14. The method of Claim 1 wherein: 

said specified information comprises parameters provided by any 
combination of information sources selected from a group of sources, said group 
including a broadcast of system information, the SIM of said mobile station, and an 
explicit signaling message directed to said mobile station. 

15. In a mixed telecommunication system comprising first and second 
core networks, wherein a mobile station is adapted for operation in first and second 
modes associated with said first and second core networks, respectively, a method 
comprising the steps of: 

transmitting specified information to said mobile station; and 

selecting a mode of operation for said mobile station in response to said 

transmitted information when said mobile station enters a combined cell associated 

with both said first and second core networks. 

16. The method of Claim 15 wherein: 

said transmitted information comprises parameters introduced into broadcast 
system information for said combined cell. 

17. The method of Claim 15 wherein: 

said transmitted information comprises a SIM enabling flag sent in broadcast 
system information to provide a parameter from the mobile station SIM. 

18. The method of Claim 15 wherein: 

said transmitted information comprises an explicit signaling message directed 
to said mobile station when said mobile station enters said combined cell. 
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19. The method of Claim 18 wherein: 

said explicit signaling message is sent to said mobile station in connection 
with an updating procedure. 

5 20. The method of Claim 15 wherein: 

said transmitted information is combined with information relating to the 
prior history of said mobile station in order to select said mobile station mode of 
operation. 

10 21 . The method of Claim 1 5 wherein: 

said mobile station is directed to select a specified one of said modes of 
operation. 

22. The method of Claim 15 wherein: 
15 said mobile station is directed to select its current mode of operation. 
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FIG. 1 



6ERAN Cell INFO (3 bit), lu Mode of operation control Information. 

000 Non-lu capable cell 

001 The Mobile shall select lu mode 

011 The Mobile shall keep current Interface mode 

100 The mobile shall select A/Gb mode of operation 

101 The mobile may select lu or A/Gb mode of operation 

110 Thr Mobile shall keep current Interface mode in packet transfer mode 



FIG. 2 
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